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Clinical Investigation and Reports

Exercise Capacity and the Risk of Death in Women
The St James Women Take Heart Project

Martha Gulati, MD, MS; Dilip K. Pandey, PhD; Morton F. Arnsdorf, MD; Diane S. Lauderdale, PhD;
Ronald A. Thisted, PhD; Roxanne H. Wicklund, RN; Arfan J. Al-Hani, MD+; Henry R. Black, MD

Background—Cardiovascular disease is the leading cause of death among women and accounts for more than half of their
deaths. Women have been underrepresented in most studies of cardiovascular disease. Reduced physical fitness has been
shown to increase the risk of death in men. Exercise capacity measured by exercise stress test is an objective measure
of physical fitness. The hypothesis that reduced exercise capacity is associated with an increased risk of death was
investigated in a cohort of 5721 asymptomatic women who underwent baseline examinations in 1992.

Methods and Results—Information collected at baseline included medical and family history, demographic characteristics,
physical examination, and symptom-limited stress ECG, using the Bruce protocol. Exercise capacity was measured in
metabolic equivalents (MET). Nonfasting blood was analyzed at baseline. A National Death Index search was performed
to identify all-cause death and date of death up to the end of 2000. The mean age of participants at baseline was 52+11
years. Framingham Risk Score—adjusted hazards ratios (with 95% CI) of death associated with MET levels of <5, 5 to
8, and >8 were 3.1 (2.0 to 4.7), 1.9 (1.3 to 2.9), and 1.00, respectively. The Framingham Risk Score—adjusted mortality

risk decreased by 17% for every 1-MET increase.

Conclusions—This is the largest cohort of asymptomatic women studied in this context over the longest period of
follow-up. This study confirms that exercise capacity is an independent predictor of death in asymptomatic women,
greater than what has been previously established among men. The implications for clinical practice and health care

policy are far reaching. (Circulation. 2003;108:1554-1559.)

Key Words: exercise m epidemiology m mortality B women

oronary artery disease (CAD) is the leading cause of

death in both men and women in the United States.
Women differ from men in their clinical presentation of
CAD, their performance on diagnostic tests, and their prev-
alence of CAD. However, most of the available data on the
noninvasive diagnosis of CAD are based on studies in men.
Because the pretest likelihood of CAD, referral patterns and
diagnostic ability of available tests probably differ for
women, the clinical evaluation of women is difficult.!2

See p 1534

The standard exercise ECG is the most commonly used
and the least costly noninvasive test to identify CAD. The
value of the exercise ECG comes from the wealth of
information that can be extracted from the test to provide
important prognostic and diagnostic information.? Epide-
miologic studies have noted that exercise capacity is an
independent predictor of cardiovascular events and all-

cause death in men.*~'! Most studies examining the pre-
dictive value of exercise capacity have included almost
exclusively male subjects®57-810.11 or were retrospective
studies.’? Also, most studies examining exercise capacity
included only subjects with established CAD or cardiac
symptoms.>%11-14 A prior study that included asymptom-
atic women showed an association between exercise ca-
pacity and death, but their extensive exclusion criteria
limit the generalizability of their findings.!S Previous
research has not evaluated all potential prognostic indica-
tors from stress tests in asymptomatic women; therefore,
the American College of Cardiology (ACC)/American
Heart Association (AHA) Committee on Exercise Testing
has identified this as an area in need of further study.3

In this study, we assess the prognostic value of exercise
capacity in asymptomatic women. The aim of this paper is to
determine whether exercise capacity is an independent pre-
dictor for all-cause death in asymptomatic women.
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Methods

This study was approved by St James Hospital and Rush-
Presbyterian-St Luke’s Medical Center’s Institutional Review Board.

Participants

The St James Women Take Heart (WTH) Project comprises a
volunteer cohort of women from the greater Chicago metropolitan
area who responded to advertisements on television news and print
media to participate in a study of heart disease in women during
1992. The target study enrollment was 5000. Inclusion criteria were
age 35 years or older, a lack of symptomatic CAD, and the ability to
walk on a treadmill at a moderate pace. Women were excluded if
they had had typical anginal symptoms or myocardial infarction
within the previous 3 months, had blood pressures of =170/
110 mm Hg before initiating the stress test, weighed >325 pounds
(because of equipment limitations), or were pregnant; 5932 women
met the inclusion criteria and were examined between May and July
of 1992.

Our study-specific exclusion criteria excluded those who under-
went a modified Bruce protocol stress test (n=109), because sub-
maximal exercise testing does not accurately reflect physical fitness
in the way that maximal exercise testing does.!¢ Women with
self-reported CAD, previous percutaneous coronary angioplasty,
coronary artery bypass graft, or congestive heart failure were also
excluded from this analysis (n=91). We excluded 11 women
because of incomplete data concerning cardiac risk factors.

After obtaining informed consent, participants provided data on
demographics, lifestyle, behavioral variables, and medical history
by self-administered questionnaire. Registered nurses performed
physical examinations, which included height, weight, waist and
hip measurements, blood pressure, radial pulse rate, and auscul-
tation of the heart and lungs. Body mass index was calculated as
weight in kilograms divided by height in meters squared. Blood
pressure was measured by standard clinical procedures.!” Random
urine and nonfasting blood samples were collected for laboratory
analysis. Findings suggestive of congestive heart failure, valvular
disease, or peripheral vascular disease were referred to the
attending cardiologist. During the recording of the resting ECG,
supine blood pressures were measured by cardiac technicians.
Standing blood pressures were recorded before the stress test.

Framingham Risk Score
The Framingham Risk Score (FRS) has been described previously.'®
The scoring for women is calculated by using a point system for total
cholesterol, HDL, age, systolic blood pressure, diastolic blood
pressure, the presence or absence of diabetes mellitus, and current
smoking. The score ranges between —17 and +25, with higher
scores indicating more cardiac risk factors.

We defined diabetes as either self-reported diabetes or nonfasting
glucose level of =11 mmol/L.*®

Exercise Testing

Participants underwent a symptom-limited treadmill test according
to the Bruce protocol with exercise ECG measurements.2%-2! Heart
rate and blood pressure were measured, and a 12-lead ECG was
recorded before exercise, at the end of each exercise stage, at peak
exercise, and at 1-minute intervals during recovery. The test was
discontinued for limiting symptoms (angina, dyspnea, and fatigue),
abnormalities of rhythm or blood pressure, or marked and progres-
sive ST-segment deviation. Target heart rates were not used as a
predetermined end point.

Exercise capacity is expressed in units of metabolic equivalents
(MET) and is an estimate of the maximal oxygen uptake for a given
workload.?2 A MET is a measure of ventilatory oxygen consumption
expressed as multiples of basal resting requirements, where 1 MET
is 1 unit of basal oxygen consumption, which equals 3.5 mL oxygen
consumption per kilogram of body weight per minute for an average
adult. The exercise capacity (in MET) is estimated by the speed and
grade of the treadmill.2

Exercise Capacity and Risk of Death in Women 1555

TABLE 1. Baseline Characteristics

All Subjects

Characteristic (n=5721)
Age, years 52.4+10.8
Race, %

White 85.5

African American 95

Other* 6
Body mass index, kg/m? 27457
Total cholesterol, mmol/L 5.62+1.07
HDL, mmol/L 1.35%0.39
Hypertensiont, % 451
Diabetest, % 4.9
Smoking, %

Never 79.4

Current 15.2

Former 5.4
FRS, points 6+6
Exercise capacity, MET 8.0+27
Resting heart rate, bpm 79%12
Resting systolic blood pressure, mm Hg 12919
Resting diastolic blood pressure, mm Hg 8211
Peak heart rate, bpm 16016
ST depression =1.0 mm, % 6.1

Values are mean=SD or percentage.

*“Other” race category includes those with no stated race.

+Hypertension is defined as history of hypertension or resting systolic blood
pressure =140 mm Hg or resting diastolic blood pressure =90 mm Hg.

iDiabetes is defined as history of diabetes or nonfasting glucose
>11 mmol/L (200 mg/dL)

Follow-Up

All-cause death was used as the end point. Deaths were identified by use
of a National Death Index search, matching on date of birth and Social
Security number and including all deaths through the year 2000.

Statistical Analyses
Descriptive analyses of all variables were examined. Population
characteristics between those who met the primary end point
(all-cause death) and the remaining participants were compared by
using the ) test for categorical variables or the ¢ test for continuous
variables (2-sided). Exercise capacity (in MET) was modeled as a
continuous variable and categorical variable. Exercise capacity was
stratified as <5 MET, 5 to 8 MET, or >8 MET. This categorization
was based on prior studies that showed decreased survival among
those who achieved <5 MET and increased survival among those
who are able achieve >8 MET when estimated either from exercise
activities or a stress test.>12:24

Person-time was calculated for each woman from date of test to date
of death from any cause or December 31, 2000, whichever came first.
Survival analysis was performed by means of Cox proportional-hazards
regression models to determine the effect of exercise capacity on
all-cause death, with exercise capacity analyzed as a continuous vari-
able, adjusted for the FRS (as a continuous variable). Analysis of
survival within the FRS tertiles for this cohort was performed with the
use of the Cox proportional-hazards regression model. Survival was
compared by categories of exercise capacity by means of Kaplan-Meier
curves. The Cox proportional-hazards assumption was confirmed by
visual inspection of the log(—log[survival]) curves. Statistical analyses
were performed with the use of STATA 7.0.
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Figure 1. A, Distribution of the FRS (measured by point system)
for the cohort. B, Distribution of exercise capacity (in MET)
achieved with stress testing for the cohort.

Results

Participant Characteristics

Study population characteristics are given in Table 1. A total
of 5721 women met the inclusion criteria for this analysis.
This was a predominantly white cohort (85.5%); 9.5% were
black. The mean body mass index was 27.4+57 kg/m’
During the follow-up period, 3.2% (n=180) died. The mean
(=SD) survival time was 8.4:+0.67 years.

The calculated FRS was normally distributed for this
population, with a mean FRS of 66 U. The scores ranged
from —12 to 20 U (Figure 1A). Comparing the surviving
population with those who died, there was a statistically
significant lower FRS in those alive than in those who died
(mean FRS, 6+6 versus 95, P<<0.0001) (Table 2). FRS
tertiles strongly predicted survival in this cohort in Cox
proportional-hazards regression (Figure 2A). The hazards
ratios of death (with 95% CI) for the second and third tertiles
compared with the first tertile (those with the lowest FRS) are
3.2(1.9 to 5.4) and 6.7 (4.1 to 11.1), respectively (P=0.001).
For each increasing tertile, the FRS predicts the 10-year CAD
risk to be =<3%, 4% to 8%, and =9%, respectively.!®

Exercise Test Results
The mean exercise capacity achieved was 8.0£2.7 MET. The
distribution of the exercise capacity achieved in this cohort

TABLE 2. Characteristics of Those Who Survived Compared
With Those Who Died

Survived Died

Characteristic (n=5541) (n=180)  PValue
Age, y 52.2+10.6 62.3+10.9 <0.0001
Race, %

White 85.4 88.5 0.25

African-American 9.7 6.1 0.11

Other 4.9 5.4 0.76
Body mass index, kg/m? 274+5.8 27.1+5.3 0.58
Resting heart rate, bpm 79+12 81+14 0.085
Hypertensiont, % 45 59 <<0.0001
Systolic blood pressure, mm Hg 12925 138+21  <0.0001
Diastolic blood pressure, mm Hg 82+11 82+11 0.37
Current smoking history, % 15.1 20.3 0.052
Diabetest, % 48 8.8 0.013
Totai cholesterol, mmol/L 5.61+1.07 568+1.12 044
HDL, mmol/L 1.34+0.38 1312040 024
ST depression =1.0 mm, % 6.1 6.1 0.99
FRS, points 6+6 9+5 <0.0001
Mean exercise capacity, MET 8.0x27 6.2+25 <0.0001

Definitions are as in Table 1.

was normally distributed and ranged from 1.5 to 20.0 MET
(Figure 1B). The mean exercise capacity achieved by those
who died was significantly lower than that of the survivors
(6.2£2.5 MET versus 8.02.7 MET, P<<0.0001) (Table 2).
Only 22% of those who died achieved the highest exercise
capacity category (>8 MET) compared with 50% of those
who survived (P<<0.001); 6.1% of the cohort had significant
ST-segment depression (=1 mm), and the presence of ST-
segment depression did not differ between those who sur-
vived and those who died (Table 2).

Predictors of Death

The FRS and exercise capacity achieved with stress testing
are independent predictors of death, when included in the
same model (Table 3). This analysis was not adjusted for age,
because the FRS includes age and the correlation between age
and the FRS was very high (#=0.74). There was no signifi-
cant interaction between exercise capacity and the FRS (data
not shown).

For every increase in exercise capacity by 1 MET, the risk
of death was reduced by 17% (P<<0.001). Similarly, for every
unit increase in the FRS, the risk of death increased by 9%
(P<0.001). Because a lower exercise capacity may reflect
subclinical disease, an analysis was performed in which
women with early deaths (deaths before the 5th year) were
excluded (not shown). The association between exercise
capacity, the FRS, and death remained the same.

The survival curves for this cohort by exercise capacity
categories, after adjusting for the FRS, are shown in Figure
2B. When compared with the >8 MET group, there were
significant differences in the mortality rate among the cate-
gories, in which the hazards ratio of death (with 95% CI) was
1.9 (1.3 to 2.9) for the 5- to 8-MET group (P=0.002) and 3.1
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Figure 2. A, Kaplan-Meier survival curves for FRS tertiles. FRS
tertiles are measured in points and categorized into tertile 1
(FRS =3), tertile 2 (FRS 4 to 9), and tertile 3 (FRS =10). The
survival rate significantly decreased for each advancing FRS
tertile (P=0.001) when compared with tertile 1 (least cardiac risk
factors). B, Kaplan-Meier survival curves for exercise capacity
achieved on stress test at baseline, adjusted for FRS. Exercise
capacity measured in units of MET and categorized as <5, 5 to
8, and >8 MET. Stratification between MET categories was
based on the fact that the groups had distinctly different mortal-
ity rates (P=0.002) after adjusting for FRS.

(2.1 to 4.8) for the <5-MET group (P=<0.001). Adjustment
for the FRS strengthened the association between exercise
capacity and death (Figure 3).

Discussion

We have shown that exercise capacity is a strong independent
predictor of all-cause death in asymptomatic women, after
adjusting for traditional cardiac risk factors. For each unit (1
MET) increase in exercise capacity, there was a 17% reduc-
tion in mortality rate.

Our data confirm the protective role of higher exercise
capacity, even in the presence of established cardiac risk

TABLE 3. Hazards Ratio of Death of Independent Predictors
of Mortality

Hazards Ratio 95% Cl P Value
Exercise capacity (for each 1-MET 0.83 0.78-0.89  <0.001
increment)
FRS (for each unit increment) 1.09 1.05-1.13  <0.001

Exercise Capacity and Risk of Death in Women

1557
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<5 MET

5-8 MET >8 MET

Exercise Capacity Categories

[] Adjusted for Age
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Figure 3. Hazards ratios of all-cause death when adjusted for
age (white bars) and FRS (gray bars) for each of the exercise
capacity categories (in MET) <5, 5 to 8, and >8. The highest
exercise capacity category (>8 MET) was the reference cate-
gory. Hazards ratios are listed within the bars; 95% Cls are
shown in parentheses.

h

Risk Score

factors. Within this cohort of asymptomatic women, the risk
of death doubled for those in the 5- to 8-MET exercise
capacity category and tripled for those in the lowest (<5
MET) category when compared with the highest exercise
capacity category and adjusted for the FRS.

The FRS!8 and the Framingham Point Score (used in the
Adult Treatment Panel IIT [ATP III] Report)'® are models
used to predict the risk of cardiac disease in women. Both use
a point system based on the presence or absence of cardiac
risk factors to predict future cardiac events. These models,
developed from the Framingham Heart Study?* and the
Framingham Offspring Study,2¢ sum points for age, blood
pressure, smoking status, total cholesterol (or LDL), and
HDL. The difference between them is that the FRS incorpo-
rates diabetes into its score,'$ whereas the ATP III guidelines
state that the presence of diabetes is a cardiovascular disease
equivalent.’® These prediction models are useful primary
prevention devices that can estimate a person’s likelihood of
future cardiac events, but neither model includes physical
fitness (or lack thereof) as a cardiac risk factor within their
model.

Our findings confirm that physical fitness, as measured by
exercise capacity, is an independent risk factor for death in
addition to other cardiac risk factors in asymptomatic women.
Previous studies that have described this relation either did
not include women*571%27 or lacked the power to draw
independent conclusions about women.5'> Myers et al5 pro-
spectively examined >6000 symptomatic men for a mean of
6.2 years. They found that for each 1-MET increase in
exercise capacity, there was a 12% reduction in all-cause
mortality rate. This study demonstrated the importance of
physical fitness for symptomatic men, but our data show that
exercise capacity is even more predictive in asymptomatic
women.

Epidemiologic studies have noted that exercise capacity is
an independent predictor of cardiovascular events and all-
cause death in men.*-'215 The Lipid Research Clinics Trial4
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and the Aerobics Center Longitudinal Study”.!° were able to
demonstrate the association between physical fitness and
death in asymptomatic men. Exercise scores that have been
found to predict future cardiac events and death have in-
cluded the duration of exercise (as a marker of exercise
capacity) in the score, including the widely used Duke
Treadmill Score.24.28-30

The only study before the St James WTH Project that
included asymptomatic women comes from the Cooper Clin-
ic.!s Stress testing was performed on persons presenting for a
preventive medical examination, including 3120 women.
They found a trend of increased survival for women achiev-
ing higher exercise capacity levels, but only the lowest fitness
quintile was significantly different from the highest four
quintiles combined, after adjusting for cardiac risk factors. In
contrast to our study, this study excluded those with diabetes,
hypertension, an abnormal ECG (either at rest or with
exercise), or inability to achieve 85% age-predicted heart
rate. The restrictive exclusion criteria limit the generalizabil-
ity of their findings. The St James WTH Project only
excluded women who had a history of heart disease; target
heart rate was not an end point of our stress testing. Our
analysis confirms the trend seen in that study and is the first
to demonstrate the association between exercise capacity and
death in asymptomatic women.

There is significant evidence showing that decreased phys-
ical activity is associated with cardiac events and death in
both men and women.2%27:3132 Unlike physical fitness, which
can be objectively measured, physical activity is a behavior,
and how well it correlates with exercise capacity has not been
extensively validated.’623-3¢ Two studies that focused on
women were based on the Framingham Heart Study32 and the
Women'’s Health Initiative (WHI) Observational Study.3! The
Framingham Heart Study demonstrated a relation between
physical activity and all-cause death. The WHI Observational
Study was able to show an association between physical
activity and cardiac events but concluded that women who
engaged in both walking and vigorous activity for at least 2.5
hours per week carried a similar risk reduction of cardiac
events when compared with less active women. In both
studies, physical activity was assessed by a questionnaire and
was essentially an estimate of activity status. Maximal
exercise testing is an objective measure of physical fitness
and is more readily quantifiable than assessment of physical
activity.1634

There are limitations to our study. The voluntary nature of
the cohort and the method by which women were recruited
affected the demographic makeup of the cohort. Although the
participants do not represent a random sample of women
from the greater Chicago metropolitan area, estimates of the
direction and strength of associations between the physiolog-
ical variables of interest in this study should be valid for
similar, community-dwelling populations of adult women in
the United States seen in primary care settings, the population
of interest. Also, exercise capacity was measured by using the
speed and grade of the treadmill rather than by directly
measuring the oxygen consumption, which is more accu-
rate.3” Finally, our regression analyses demonstrate an asso-
ciation between exercise capacity and all-cause death, not

causation. Nonetheless, it is clear that exercise capacity is a
marker for risk of death.

The implications of our findings for clinical practice and
health care policy are far reaching. The AHA and other such
organizations want to find a noninvasive screening test that
can predict cardiac risk in asymptomatic individuals to target
primary prevention efforts.38 Currently, the ACC/AHA and
other experts do not recommend using the standard exercise
test for screening in asymptomatic individuals.34° However,
our study has demonstrated the added value of stress testing
asymptomatic women to assess a woman’s risk of death, in
addition to traditional cardiac risk factors. We have demon-
strated a clear clinical rationale for routine stress testing in
asymptomatic women. Furthermore, the achieved exercise
capacity should be interpreted and translated to the patient to
provide important prognostic information.

Although our study did not test the hypothesis that im-
proved physical fitness through training might improve prog-
nosis, it is interesting to speculate that it might. A prospective
study of 9777 asymptomatic men given a stress test at
baseline and 5 years after found that individuals who either
maintained or improved their exercise capacity had signifi-
cantly lower all-cause and cardiovascular mortality rates than
the “persistently unfit” men. Importantly, this study demon-
strated a 7.9% decrease in all-cause mortality rate in men for
an increase in treadmill time of ~1 MET.!° [n myocardial
infarction survivors followed for 19 years, an increased
exercise capacity of 1 MET was associated with an 8% to
14% reduction in mortality rate.*! High levels of physical
fitness, as reflected by the exercise capacity achieved on a
maximal stress test, have been shown to be protective of
all-cause death in asymptomatic women.

Whether exercise capacity can be easily translated into a
level of physical activity is still unknown and is an area in
need of further research. Currently, the Surgeon General,+2
the American College of Sports Medicine, the Centers for
Disease Control and Prevention,** and the AHA# recom-
mend that everyone should engage in a physically active
lifestyle and that adults should perform moderately intense
physical activity for at least 30 minutes per day, preferably
every day. In the absence of specific data about the relation
between physical activity and exercise capacity, continuing to
encourage current physical activity recommendations seems
appropriate.

The St James WTH Project confirms that exercise capacity
is an independent predictor of death in asymptomatic women,
even greater than that previously established among men.5:10
We were able to show a 17% reduction in mortality rate for
every 1-MET increase in exercise capacity. Our findings
strongly suggest that in addition to targeting traditional
cardiac risk factors as part of the primary prevention evalu-
ation, we must also evaluate the exercise capacity achieved
on a maximal stress to fully assess a woman’s prognosis.
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His death is a loss to the investigators and participants of this study,
as well as to the medical community at large. We are also indebted
to the participants of the St James WTH Project, whose continued
contribution to the study of heart disease in women is immeasurable.
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Physical demands at work, physical fitness, and 30-year ischaemic heart
disease and all-cause mortality in the Copenhagen Male Study

by Andreas Holtermann, PhD," Ole Steen Mortensen, PhD," 2 Hermann Burr, PhD," Karen Sggaard, PhD,?

Finn Gyntelberg, DMSc,? Poul Suadicani, DMSc 2

Holtermann A, Mortensen OS, Burr H, Sggaard K, Gyntelberg F, Suadicani P. Physical demands at work, physical
fitness, and 30-year ischaemic heart disease and all-cause mortality in the Copenhagen Male Study. Scand J Work
Environ Health. 2010;36(5):357-365.

Objective No previous long-term prospective studies have examined if workers with low cardiorespiratory fitness
have an increased risk of cardiovascular mortality due to high physical work demands. We tested this hypothesis.

Method We carried out a 30-year follow-up of the Copenhagen Male Study of 5249 employed men aged
40-59 years. We excluded from follow-up 274 men with a history of myocardial infarction, prevalent
symptoms of angina pectoris, or intermittent claudication. We estimated physical fitness [maximal oxygen
consumption (VO,Max)] using the Astrand cycling test and determined physical work demands with two
self-reported questions.

Results In the Copenhagen Male Study, 587 men (11.9%) died due to ischaemic heart disease (IHD). Using men
with low physical work demands as the reference group, Cox analyses — adjusted for age, blood pressure, smoking,
alcohol consumption, body mass index, diabetes, and hypertension — showed that high physical work demands were
associated with an increased risk of THD mortality in the least fit [VO,Max range 15-26, N=892, hazard ratio (HR)
2.04, 95% confidence interval (95% CI) 1.20-3.49] and moderately fit (VO,Max range 27-38, N=3037, HR 1.75,
95% CI 1.24-2.46), but not among the most fit men (VO,Max range 39-78, N=1014, HR 1.08, 95% CI 0.52-2.17).
We found a similar, although slightly weaker, relationship with respect to all-cause mortality.

Conclusions The hypothesis was supported. Men with low and medium physical fitness have an increased risk of
cardiovascular and all-cause mortality if exposed to high physical work demands. Ours observations suggest that,
among men with high physical work demands, being physically fit protects against adverse cardiovascular effects.

Key terms cardiovascular health; occupational health; occupational physical activity.

In a recent paper, Krause and colleagues (1) addressed
the fact that the literature on the role of occupational
physical activity as a risk factor for ischaemic heart dis-
ease (IHD) is conflicting, and that only a small number
of studies have included information on both leisure-
time and occupational physical activity.

In the Copenhagen Male Study, we found that, in
contrast to physical activity during leisure time, expo-
sure to high physical work demands is associated with
an increased risk of IHD and all-cause mortality (2).
Furthermore, we showed that a moderate or high level of
physical activity during leisure time was associated with

a lower risk of IHD and all-cause mortality irrespective
of the level of physical demands at work (2).

It is well established that being sedentary during
leisure time is associated with an increased risk of
premature mortality (3, 4), so promoting physical activ-
ity during leisure time is recommended (5). Physical
training rapidly increases physical fitness (6). Low
physical fitness is an independent predictor of IHD and
premature mortality (7-10). Physical fitness determines
cardiovascular workload at any given level of physi-
cal work intensity (11). In other words, the lower the
cardiorespiratory fitness a worker possesses, the higher
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2 The Copenhagen Male Study, Epidemiological Research Unit, Department of Occupational and Environmental Medicine, Bispebjerg University
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his cardiovascular workload will be when performing a
physically demanding work task.

Two long-term cohort studies from Finland (1, 12)
reported that, in contrast to energy expenditure during
leisure-time physical activity, high energy consumption
at work may have detrimental effects on cardiovascular
health even when controlling for the level of physical
activity during leisure time and other well-known risk
factors for IHD. To our knowledge, no previous study,
apart from that of Krause and colleagues (1), has con-
comitantly taken into account information on physical
activity during leisure time and used an objective mea-
sure of physical fitness when studying the association
of occupational physical work demands with risk of
IHD. As an endpoint, Krause’s study (1) used the carotid
intima-media thickness, which is a reliable surrogate
marker of coronary atherosclerosis and also an indepen-
dent predictor of manifest coronary heart disease.

No previous long-term prospective studies have exam-
ined if workers with low cardiorespiratory fitness have an
increased risk of cardiovascular mortality due to high
physical work demands. We tested this hypothesis.

Methods

Study population

The Copenhagen Male Study was established in 1970~
1971 and comprised 5249 (87% of those invited to
participate) male employees, aged 40-59 years, from 14
companies, covering the railway, public road construc-
tion, military, postal, telephone, customs, national bank,
and medical industry sectors (13, 14).

The examination consisted of a questionnaire, a
short interview, and a clinical examination including
measurements of height, weight, and blood pressure.
Indirect measurement of physical fitness [maximal
oxygen consumption (VO,Max)] was performed with
a bicycle ergometer. Thirty-five men with orthopaedic
problems, who were unable to perform the bicycle test,
were excluded from the study.

From the questionnaire, we obtained information
about working conditions, lifestyle, and general health,
including history of myocardial infarction, angina pecto-
ris, and intermittent claudication. The information given
in the questionnaire was clarified with each subject in
the ensuing interview. Details on the questionnaire have
already been published (15). A number of these factors
are elaborated in more detail below.

Eligibility
In addition to the 35 men unable to carry out the bicycle
test, men with a history of myocardial infarction (N=74),
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angina pectoris (N=165) or intermittent claudication
(N=105) were excluded from the prospective study. In
total, the excluded group comprised these 274 men and
9 men with missing answers, leaving 4943 men for the
incidence study. With respect to all variables included,
missing values ranged from 0-2.7%.

Physical fitness

Heart rate was measured during submaximal bicycle
work in a steady state with the aid of a stopwatch and
stethoscope. The loads used were 100, 150, and 200 W.
One, two, or in a few cases, three different loads were
used. The load chosen in each case was determined by
the weight and age of the person or heart rate during the
first minute of the test; we determined the VO,Max using
Astrand’s nomogram (6). The correlation between directly
and indirectly measured VO,Max is high. The method
used has previously been described in detail (13).

Physical activity at work, general description

Physical activity during work was estimated by the fol-
lowing question: “Which description most precisely cov-
ers your pattern of physical activity at work?” Groups
were defined according to the following responses: (i)
You are mainly sedentary and do not walk much around
at your workplace, for example, desk work, and work
including assembling of minor parts (group 1); (ii) You
walk around quite a bit at your workplace but do not
have to carry heavy items, eg, light industrial work, non-
sedentary office work, inspection and the like (group 2);
(iit) Most of the time you walk, and you often have to
walk up stairs and lift various items. Examples include
mail delivery and construction work (group 3); (iv) You
have heavy physical work. You carry heavy burdens and
carry out physically strenuous work, eg, work including
digging and shoveling (group 4). In the analyses, physi-
cal activity was defined as follows: group 1=low, group
2=medium; group 3=high (since only 2.4% belonged to
group 4, groups 3 and 4 were pooled) and are referred
to as high.

Strenuous work

Strenuous work was estimated from the question: “Do
you perform strenuous work (work resulting in sweat-
ing)?” The answer options were: “often”, “occasionally”,
and “seldom or never” and coded as follows: 1=seldom
or never, 2=occasionally, and 3=often.

Physical work activity, combined variable

An additional variable was constructed in order to
further distinguish between the presence or absence of
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physically demanding work. Summing up the values
from the aforementioned questions on physical activity
and strenuous work gave values ranging from 2-6. A low
combined score of 2 was defined as “low physical work
demands”, a score of 3 or 4 was defined as “moderate
physical work demands”, and a score of 5 or 6 was
defined as “high physical work demands”.

Physical activity during leisure time

In order to determine this factor, the questionnaire
asked “Which description most precisely covers your
pattern of physical activity at leisure time?” with the
following possible responses: (i) You are mainly sed-
entary, for example, you read, watch television, go to
the cinema. In general you spend most of your leisure
time performing sedentary tasks (group 1); (ii) You go
for a walk, use your bicycle a little or perform activity
for at least 4 hours per week, for example, light gar-
dening, leisure-time building activity, table tennis and
bowling (group 2); (iii) You are an active athlete, eg,
run or play tennis or badminton for at least 3 hours/
week. If you frequently perform heavy gardening, you
also belong to this group (group 3); (iv) You take part
in competitive sports, swim, play European football,
handball or run long distances regularly several times
per week (group 4).

In the analyses, the level of physical activity during
leisure time was defined as group 1=low, group 2=mod-
erate, and group 3=high (since only 0.4% belonged to
group 4, groups 3 and 4 were pooled).

Lifestyle factors

The male workers reported if they were current smok-
ers, previously smoked, or had never smoked. In addi-
tion, participants reported their daily average alcohol
consumption as the number of alcoholic beverages
consumed per day in the following categories: 0, 1-2,
3-5, 6-10, and >10.

Clinical and health-related factors

Based on height and weight measurements, body mass
index (BMI) was calculated as kg/m?. Blood pressure
was measured with the subject seated and after at least
five minutes rest. A 12 cm wide, 26 cm long cuff was
firmly and evenly applied to the right upper arm with
the lower edge of the cuff placed 2 cm antecubitally.
Diastolic blood pressure was recorded at the point
where the Korotkoff sounds disappeared (phase 5). In
addition, the participants were asked if they received
treatment for either hypertension or diabetes from their
physician or elsewhere. The answer options were yes
or no.
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Social class

The men were divided into five social classes according
to a system originally elaborated by Svalastoga and later
adjusted by Hansen (16, 17) This classification system
is based on education level and job position in terms of
the number of subordinates. Typical jobs in the study
cohort were: (i) officer, civil engineer, office executive,
or head of department (social class I); (ii) head clerk or
engineer (social class II); engine driver or train guard
(social class III); machine fitter in a telephone company
(social class IV); and unskilled laborer, mechanic, or
driver (social class V).

End-points

We obtained information on death diagnoses between
the period 1970-1971 to the end of 2001 from official
national registers. The IHD mortality diagnoses included
International Classification of Diseases’ codes ICD-8:
410-14, and (from 1994) ICD-10: 120-125.

Statistical analysis

We performed basic statistical analyses, Chi-squared
analysis (likelihood ratio), analysis of variance, and
regression analyses. We estimated relative risks (RR) by
exp(P), where P is the hazard coefficient for the variable
of interest in a Cox’s proportional hazards regression
model with the maximum likelihood ratio method.
Assumptions regarding the use of Cox’s proportional
hazards were met by inspection of the log minus log
function as the covariate mean. A final Cox proportional
hazards regression analyses, with IHD mortality as out-
come, was performed to obtain a statistical expression
for the conspicuous difference in the predictive value
of physical work demands and IHD mortality between
men with high and low physical fitness. In addition to
the main effects of the two variables (physical fitness
and physical work demands), age, lifestyle factors,
alcohol consumption, and smoking habits, we included
a multiplicative interaction term between physical fit-
ness (highest fifth/others) and the three-group variable
depicting the level of physical work demands. We took,
a priori, as significant a two-sided probability value of
P<0.05.

Results

In the eligible study population of male employees who
had completed the ergometer test and were without a
history of myocardial infarction, angina pectoris, or
intermittent claudication, 587 died (11.9%) from IHD
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during the period 1970/1971-2001. During the same
time, 2663 (54.0%) died in total.

Table 1 shows lifestyle and other characteristics
of men belonging to groups with different levels of
physical fitness (VO,Max); lowest fifth: range 15-26;
three intermediate fifths: range 27-38; and highest
fifth: 39-78. The level of physical fitness was inversely
associated with systolic and diastolic blood pressure,
alcohol consumption, treatment due to hypertension,
BMI, and age. No significant relationship was found
between the level of fitness and social class. As previ-
ously reported, smokers surprisingly had higher levels
of physical fitness (13).

Table 2 shows lifestyle and other characteristics
of men belonging to different groups of self-assessed
leisure-time physical activity. Compared to men with
lower levels of physical activity during leisure time, men
reporting higher levels were younger, had a higher level
of physical fitness and lower systolic and diastolic blood
pressure and BMI, while fewer were current smokers,
consumed >6 alcoholic beverages/day, belonged to low
social class, and received treatment for hypertension.

Table 3 shows the lifestyle and other characteristics
of men belonging to the different groups of physical
activity level at work. We observed a significant positive
correlation to physical fitness, although the association

was less pronounced than that found between physical
activity during leisure time and fitness as presented in
table 2. Also the level of occupational physical activity
was positively correlated with smoking, alcohol use,
BMI, and low social class.

Table 4 shows the association of baseline physical
fitness, the level of physical activity during leisure time,
and physical work demands with risk of IHD and all-
cause mortality. Men with high physical fitness had a 45%
lower risk of THD mortality [age-adjusted hazard ratio
(HR) 0.55, 95% confidence interval (95% CI) 0.42-0.73]
and a 38% lower risk of all-cause mortality (age-adjusted
HR 0.62, 95% CI 0.55-0.71) compared to men with low
physical fitness. Also men reporting moderate or high
levels of leisure-time physical activity had a lower risk
of both IHD and all-cause mortality compared to workers
reporting low leisure-time physical activity. Of particu-
lar interest was the 50% reduced risk of IHD mortality
among men who have a high compared to low level of
physical activity during leisure time. In contrast, men
with high physical work demands had a 69% increased
risk of ITHD mortality (age-adjusted HR 1.69, 95% CI
1.31-2.17) and a 51% higher risk of all-cause mortality
(age-adjusted HR 1.51, 95% CI 1.34-1.70) compared to
men with low physical work demands. The right column
of the table shows the result of Cox analyses taking into

Table 1. Lifestyle and other characteristics according to measured physical fitness, maximal oxygen consumption (VO,Max) among men
with no history of myocardial infarction, angina pectoris, or intermittent claudication. [SD=standard deviation; freq=frequency].

Level of physical fitness P-value2  P-value®
Lowest quintile (N=892) 3 medium quintiles (N=3037) Highest quintiles (N=1014)
V0,Max range 15-26 V0,Max range 27~38 V0,Max range 39-78
Mean SD  Freq (%) Mean SD  Freq (%) Mean SD  Freq (%)
Physical fitness (VO,Max) 235 23 322 33 438 48
Lifestyle factors 1970-1971
Smoker
Current . . 67.6 7.6 . . 76.3
Previous . . 23.2 19.1 . . 15.4 <0.001 <0.001
Never . . 9.2 9.3 . . 8.3
Alcohol, beverages per 24 hours
0 . - 315 33.7 . . 36.1
1-2 . - 429 48.3 . . 417 <0.001 <0.001
3-5 . - 208 14.8 . . 13.9
26 . . 49 3.2 . . 1.3
Clinical risk factors
Diabetes (treatment of) . . 1.1 . . 0.7 . . 0.7 0.34 0.39
Systolic blood pressure (mm Hg)  143.7 20.2 134.5 183 127.3 16.3 - <0.001 0.06
Diastolic blood pressure (mm Hg)  87.2 12.2 82.9 11.2 79.3 10.7 . <0.001 0.29
Hypertension (treatment of) . . 24 . . 15 . . 11 0.03 0.09
Body mass index (kg/m2) 268 34 252 28 241 25 . <0.001 0.03
Other characteristics
Low social class (classes [V/V) . - 563 . . 54.7 . . 54.7 0.51 0.71
Age (years) 50.8 5.2 485 53 469 438 . <0.001 0.04

a P-values of trend test (Kendall's tau B) or test for linearity in analysis of variance.

b P-values of Chi-square test or test for deviation in analysis of variance.
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Table 2. Physical fitness and other characteristics according to the level of leisure-time physical activity among men with no history of myocar-
dial infarction, angina pectoris, or intermittent claudication. [SD=standard deviation; freq=frequency; V0,Max=maximal oxygen consumption]

Level of physical activity during leisure time P-value?  P-value®
Low (N=814) Medium (N=3514) High (N=504)
Mean SD Freq (%) Mean SD  Freq (%) Mean SD  Freq (%)
311 6.6 330 7.0 369 82 <0.001 <0.001
Lifestyle factors 1970-1971
Smoker
Current . . 78.0 714 . . 65.5
Previous . . 14.9 19.8 . . 214 <0.001 <0.001
Never . . 7.1 9.1 . . 13.1
Alcohol, beverages per 24 hours
0 : - 314 34.2 . . 35.9
1-2 . - 426 48.1 . . 51.0 <0.001 <0.001
3-5 . - 203 15.2 . - 10.6
>6 . - 59 25 . . 2.6
Clinical risk factors
Diabetes (treatment of) . . 15 . . 05 - . 1.0 0.21 0.02
Systolic blood pressure (mm Hg)  135.3 19.7 134.7 18.8 132.5 17.7 . 0.02 0.24
Diastolic blood pressure (mm Hg)  83.8 11.8 83.0 114 80.8 10.7 . <0.001 0.06
Hypertension (treatment of) . . 241 . . 1.7 . . 0.6 0.04 0.06
Body mass index (kg/m2) 256 33 253 29 248 28 . <0.001 0.47
Other characteristics
Low sacial class (classes [V/V) . - 618 . . 54.0 . . 47.9 <0.001 <0.001
Age (years) 493 5.5 48.6 5.2 475 52 . <0.001 0.21

2 P-values of trend test (Kendall's tau B) or test for linearity in analysis of variance.

b P-values of Chi-square test or test for deviation in analysis of variance.

account, in addition to age, relevant potential confounders
as identified in tables 1--3. As could be expected, the asso-
ciations were somewhat attenuated for all three predictor
variables, but the overall trend remained. In particular, the
association of fitness with the risk of IHD mortality was
affected by the inclusion of blood pressure variables and
yet, the trend persisted.

Table 5 shows the risk of IHD and all-cause mortal-
ity during follow-up among men with low, medium, and
high physical fitness, stratified according to the level of
physical work demands. The results of Cox proportional
hazard analyses, including different potentially confound-
ing variables, are presented. Among men with low and
medium physical fitness levels, men with high physical
work demands had a significantly twofold increased
risk of IHD when adjusted for age only. Further adjust-
ment did not materially influence this result. In contrast,
among the fittest men, who overall had the lowest risk, no
association was found between increasing physical work
demands and the risk of IHD mortality.

Among men with the lowest level of physical fit-
ness, those with high physical work demands had a 43%
significantly higher risk for all-cause mortality than
men with low demands. This difference was attenuated
to a non-significant level when controlling for potential
confounders. Among men with a medium level of physi-
cal fitness, the largest group, those with high physical
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work demands had a 60% significantly higher risk for
all-cause mortality than men with low demands. This
difference was also attenuated when controlling for
potential confounders but remained statistically signifi-
cant. Among men with the highest level of physical fit-
ness, those with high physical work demands had a 33%
non-statistically significant increased risk of all-cause
mortality when controlling for age only. This estimate
did not materially change with further adjustment.

In two additional analyses, we further tested the
relative importance of physical fitness as an effect modi-
fier for the association between physical work demands
and mortality (data not shown). We carried out an age-
adjusted Cox analysis including an interaction term
between physical work demands and physical fitness
level with risk of IHD mortality as the endpoint. When we
included smoking habits and alcohol consumption, fol-
lowing a backward elimination procedure, the interaction
was highly significant (P=0.002). We also carried out an
age-adjusted Cox analysis including an interaction term
between physical work demands and physical fitness level
with risk of all-cause mortality as the endpoint. When
smoking habits and alcohol consumption were included,
following a backward elimination procedure, the interac-
tion was not significant (P=0.22).

In the analyses presented in the tables, we pooled
the three medium (intermediate) quintiles covering the
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Table 3. Lifestyle and other characteristics according to physical work demands based on the combined activity variable (general physi-
cal work demands and strenuous work resulting in sweating) among men without history of myocardial infarction, angina pectoris, or
intermittent claudication. [SD = standard deviation; VO,Max = maximal oxygen consumption]

Physical work demands P-valug?  P-value®
Low (N=1239) Medium (N=2661) High (N=860)
Mean SD Frequency Mean SD Frequency Mean SD  Frequency
(%) (%) (%)
Physical fitness (VO,Max) 326 7.1 331 73 - 339 74 <0.001 0.69
Leisure-time physical activity
Low 18.9 15.6 17.2
Medium 704 75.2 . . 69.3 0.07 <0.001
High 10.7 9.2 . . 13.4
Lifestyle factors 1970-1971
Smoker
Current 66.6 722 76.4
Previous 22.4 19.0 . . 15.6 <0.001 <0.001
Never 11.1 8.8 . . 8.0
Alcohol, beverages per 24 hours
0 . - 388 343 25.9
1-2 - - 508 47.6 42.0 <0.001 <0.001
35 . . 9.2 15.4 . . 251
>6 - . 1.1 2.8 . . 7.0
Clinical risk factors
Diabetes (treatment of) . . 0.9 . . 0.6 . . 1.2 0.71 0.19
Systolic blood pressure (mm Hg) 134.8 185 134.6 19.0 1341 195 . 0.56 0.73
Diastolic blood pressure (mm Hg)  83.3 11.5 82.8 114 829 117 . 0.30 0.40
Hypertension (treatment of) . . 1.9 . . 1.6 . . 15 0.51 0.78
Body mass index (kg/m?) 247 28 253 3.0 259 34 . <0.001 0.86
Other characteristics
Low social class (classes IV/V) . - 217 . . 58.9 . . 91.3 <0.001 <0.001
Age (years) 48.7 53 486 5.3 486 52 0.73 0.66

a P-values of trend test (Kendall’s tau B) or test for linearity in analysis of variance.

b P-values of Chi-square test or test for deviation in analysis of variance.

VO,Max range 27-38. In order to identify a possible
threshold value for a protective effect of physical fit-
ness on possibly adverse effects on [HD mortality from
high physical work demands, we looked at the risk of
IHD associated with work demands within all quintiles
(data not shown). Except for the highest quintile (ie,
VO,Max range 39-78), we consistently observed a
positive gradient between increasing work demands
and IHD risk.

Discussion

Our hypothesis that the level of physical fitness modifies
the association between high physical work demands and
the risk of IHD mortality was supported. We observed
an increased risk of IHD mortality associated with
increasing physical work demands among men with low
and medium levels of physical fitness that was absent
among the most physically fit men. Similar results were
found for all-cause mortality, with the possible excep-
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tion that even the most-fit men who were exposed to
high physical work demands had a 25% increased risk
of all-cause mortality, although this latter finding was
not statistically significant.

Physical work demands, fitness, and IHD mortality

Our study extends the old notion of physical fitness
being a critical individual resource, not only for the
performance of a physically demanding job (18, 19),
but also to survive its effects.

Physical fitness is a well-documented prognostic
factor for premature cardiovascular and all-cause mor-
tality (7-10). The findings of a 25% lower risk for IHD
mortality and 29% lower risk for all-cause mortality
among men with high compared to low physical fitness
(table 4) support the importance of physical fitness. Of
particular clinical interest was the considerably lower
systolic and diastolic blood pressure among men with
high versus low physical fitness (systolic blood pressure
of 127 versus 144 mmHg and diastolic blood pressure
of 79 versus 87 mmHg). Men with high physical work
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Table 4. Physical fitness and physical activity during work and leisure time as predictors of ischaemic heart disease and all-cause mortal-
ity during 1970-71 to end of 2001 among men without history of myocardial infarction, angina pectoris or intermittent claudication at
baseline. [HR = hazard ratio; 95% Cl = 95% confidence interval, VO,Max = maximal oxygen consumption]

Mortality Incidence per HR® 95% Cl HR®  95%Cl
100 000 person years
N %
Ischemic heart disease mortality
Physical fitness, VO,Max
Lowest quintile, 15-26 range (N=892) 148 16.6 719 1.00 . 1.00¢ .
Medium quintiles, 27-38 range (N=3037) 354 1.7 468 0.75 0.62-0.91 0.88 0.72-1.09
Highest quintiles, 39-78 range (N=1014) 85 8.4 315 0.55 0.42-0.73 0.75 0.56-1.00
Leisure time physical activity
Low (N=814) 128 15.7 667 1.00 . 1.004 .
Moderate (N=3514) 398 114 449 0.67  0.55-0.82 0.72 0.58-0.88
High (N=504) 40 8.0 304 049  0.34-0.70 0.59 0.41-0.85
Physical work demands
Low (N=1239) 123 10.0 385 1.00 . 1.00¢ .
Moderate (N=2661) 317 11.9 477 1.30 1.05-1.60 126 1.02-1.56
High (N=860) 121 14.1 588 1.69 1.31-2.17 155 1.19-2.02
All-cause mortality
Physical fitness, VO,Max
Lowest quintile, 15-26 range (N=892) 610 68.5 2962 1.00 . 1.00¢ .
Medium quintiles, 27-38 range (N=3037) 1630 53.8 2156 0.81 0.74-0.89 0.87 0.79-0.96
Highest quintiles, 39-78 range (N=1014) 423 419 1567 0.62 0.55-0.71 0.71  0.62-0.81
Leisure time physical activity
Low (N=814) 526 64.6 2742 1.00 . 1.004 .
Moderate (N=3514) 1845 52.6 2084 0.74 0.67-0.82 0.81  0.74-0.90
High (N=504) 218 435 1659 0.62 0.53-0.72 0.74 0.63-0.87
Physical work demands
Low (N=1239) 598 485 1872 1.00 . 1.00¢ .
Moderate (N=2661) 1436 54.1 2164 1.22 1.11-1.34 117 1.06-1.29
High (N=860) 523 60.8 2543 1.51 1.34-1.70 133  1.18-1.51
a Adjusted for age.

b Fully adjusted.

¢ Adjusted for age, body mass index, systolic and diastolic blood pressure, hypertension (treatment of), alcohol use, smoking (current, never, previous)
4 Adjusted for age, body mass index, systolic and diastolic blood pressure, hypertension (treatment of), alcohol use, smoking (current, never, previous),

occupational physical work demands, physical fitness (VO,Max)

¢ Adjusted for age, body mass index, alcohol use, smoking (current, never, previous), leisure time physical activity, physical fit-ness (VO,Max)

demands have previously been reported to have lower
levels of physical fitness than men with low physical
work demands (ie, sedentary workers) (19). In this study,
men with high occupational physical demands had a
slightly higher physical fitness compared to those with
low physical work demands (33.9 versus 32.6 VO,Max).
In comparison, men reporting a high level of leisure-
time physical activity had a much higher physical fitness
than men classifying themselves as basically sedentary
during leisure time (36.9 versus 31.1 VO,Max). This
finding indicates that high physical work demands gen-
erally only have a minor influence on physical fitness,
and highlights the significance of physical activity dur-
ing leisure time for improving the aerobic capacity.
Men with high levels of fitness were observed to
have a non-significant enhanced risk (25%) for all-
cause mortality from high physical work demands. This

finding indicates that men with high physical fitness
cannot be excluded from having an enhanced risk for
all-cause mortality from high physical work demands.
This aspect needs to be further investigated in a larger
population among men with high physical fitness.

In this study, we observed that a relatively low pro-
portion of the male employees (~20%) have sufficiently
high fitness to protect them from the increased risk for
IHD and all-cause mortality resulting from high physical
work demands. Previous studies from two Nordic coun-
tries (1, 20) have shown that a relatively high proportion
of employees (~30%) have an energy expenditure at
work that is in excess of the recommended maximum
level of occupational aerobic strain (11). A dual preven-
tion strategy, consisting of both fitness-enhancing physi-
cal exercise and tailoring of physical work demands with
respect to the physical fitness of the employee may, in
363
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Table 5. Physical work demands and risk of ischaemic heart disease (IHD) and all-cause mortality 1970-71 to end of 2001 according
to level of physical fitness: lowest quintile, three medium quintiles, and highest quintile. Different adjustment criteria are applied in Cox
proportional hazards regression analyses with forced entry of variables. [HR = hazard ratios; 95% Cl = 95% confidence intervals]

Physical work demands IHD mortality All-cause mortality
Crude HR2  95% Cl HR®  95% Cl Crude HR®*  95%Cl HR® 95% Cl
incidence incidence
(%) (%)
Low physical fitness (N=838)
Low (N=242) 13.7  1.00¢ - 1.00° . 639 1.00¢ - 1.00¢ -
Moderate (N=468) 165 128 0.85-1.93 1.33 0.87-2.03 692 118 097143 1.09 0.89-1.33
High (N=128) 22.7 198¢ 1.20-326 2.04¢ 1.20-3.49 758  1.43¢ 1.11-1.85 1.20 0.91-1.57
Moderate physical fitness (N=2916)
Low (N=755) 9.0 1.00¢ - 1.00° . 458  1.00¢° - 1.00¢ .
Moderate (N=1625) 11.8  1.45¢ 1.10-262 1.39¢ 1.05-1.84 545 133" 117-1.50  1.25' 1.10-1.42
High (N=536) 142 1.89f 1.39-262 1.75' 1.24-2.46 621  1.60f 1.43-193 145" 1.24-1.70
High physical fitness (N=983)
Low (N=233) 8.7 1.00° - 1.00¢ . 40.7  1.00¢ - 1.00° .
Moderate (N=558) 83 096 057-162 102 0.60-1.76 401 100 0.79-128 1.00 0.78-1.28
High (N=192) 83 1.08 056-209 1.08 0.52-217 469 133 098-175 125 0.92-1.69
a Adjusted for age.

b Adjusted for all potential confounders: age, body mass index, systolic and diastolic blood pressure, treatment of diabetes or hypertension, alcoho! use,

and smoking (current, never, previous).
¢ Reference.
4P<0.01.
¢ P<0.05.
fP<0.001.

theory, reduce the risk of IHD and all-cause mortality
among employees with high physical work demands.
Neither the individual’s fitness level nor the occupa-
tional physical work demands are the sole responsibility
of the worker. A great potential for prevention may exist
by reducing the load of physical work tasks and allowing
people with physically demanding work, even after the
reduction of the workload, to receive physical training
during working hours.

Methodological considerations

A methodological aspect of this study is that the occupa-
tional and leisure-time physical activity information was
based on self-assessment, which invariably entails some
degree of misclassification (21). However, no techni-
cal equipment for measuring daily physical activity at
work and during leisure time was available in 1970, at
least not in Denmark. In addition, the lack of continu-
ous exposure data and repeated measures of exposure
during the relatively long follow-up period may have
contributed to a misclassification of exposure. The study
population of the Copenhagen Male Study is urban
Danish male workers, aged 40-59 years in 1970-1971.
It is unknown whether the findings of this study are rel-
evant also for females, younger workers, self-employed
individuals or workers from other (eg, rural) com-
munities and nationalities. Workers with pre-existing
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cardiovascular diseases were excluded from this study.
However, a positive but statistically non-significant
association was found between physical demands at
work and all-cause mortality, and a high physical fitness
was associated with a substantially reduced risk for IHD
and all-cause mortality (22)

Concluding remarks

Men with low and medium levels of physical fitness
have an increased risk of cardiovascular and all-cause
mortality if exposed to high physical work demands.
Due to the relatively small size of the population who
could be classified as being highly fit in this study,
further investigation of the risk for mortality from high
physical work demands in larger populations with high
physical fitness is recommended. Our observations
suggest that — among men with high physical work
demands — being physically fit protects against adverse
cardiovascular effects.
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